Life-course epidemiologic studies frequently obtain data on perinatal and childhood factors through adult selfreport. Data from a prospective US birth cohort of 262 women, born between 1959 and 1963 (average age at adult follow-up, 41.8 years), were used to assess the validity of self-reported birth weight category by sociodemographic characteristics. The effect of reporting error on the associations of birth weight with childhood and adult body mass index was evaluated by comparing the estimates of associations from linear regression analyses. The level of agreement between the birth weight category reported by 85% of the participants and the birth weight recorded at the time of birth was moderate to good (sensitivity ¼ 73%, weighted kappa ¼ 0.67). The validity varied by birth weight category (sensitivity range ¼ 58%-81% for the lowest and highest birth weight category, respectively) and was highest for participants who were white, of lower childhood family income, and born to older mothers. Despite this moderate to good validity, the associations of birth weight with childhood and adult body mass index were attenuated and no longer statistically significant when self-reported birth weight was used. In conclusion, birth weight reported in middle adult life is measured with error, limiting its utility for detecting modest associations with health in later life periods. birth weight; body mass index; ethnic groups; mental recall; reproducibility of results; socioeconomic factors Abbreviation: SD, standard deviation.
Growing evidence suggests that factors encountered in perinatal and early childhood periods are associated with health outcomes in later life, including chronic diseases developing in middle to late adult life (1) (2) (3) (4) . Long-term prospective studies offer the optimal design for collecting reliable and valid data on early life factors but have many practical challenges, including a high cost of follow-up and selective attrition by various sociodemographic characteristics (5) (6) (7) (8) . An alternative method for ascertaining early life factors is through self-reported data collected retrospectively with considerably more ease and less expense but greater potential for bias arising from recall of past experiences. The validity of self-reported retrospective data is often unknown and may vary by sociodemographic factors and type of information recalled and reported. Given the greater efficiency and cost-effectiveness of retrospective data collection, further examination of the potential reporting error in important early life factors is needed.
One of the easiest early life factors to collect retrospectively is birth weight. The most accurate or ''gold standard'' measurement of birth weight is the weight recorded in medical files and sometimes on birth certificates by clinical staff immediately after delivery. Only a few studies have evaluated the validity of adult self-reported birth weight (9) (10) (11) (12) (13) (14) . In several studies, validation analyses were restricted to substantially smaller subsets of the original samples who had both adult self-reported and original birth weight records and who differed from the original sample in recorded birth weight and by socioeconomic (e.g., educational level), demographic (e.g., age at reporting, nulliparity), and parental (e.g., maternal age and vital status) characteristics (9) (10) (11) (12) .
Using data from a multiethnic birth cohort of US women with complete birth weight data, we investigated the validity of adult self-reported birth weight and whether the validity was influenced by childhood and adult socioeconomic status and ethnic background. We also evaluated the effect of reporting error on the associations of birth weight with childhood and adult body mass index.
MATERIALS AND METHODS

Study populations
The New York Women's Birth Cohort Adult Follow-up is a cohort of 262 women who were enrolled at birth in the New York City site of the National Collaborative Perinatal Project, followed up prospectively until age 7 years, and traced and enrolled in adult follow-up studies. Women who were traced and participated in the adult follow-up survey (44% of 841 eligible women were successfully traced, and 70% of those traced participated) did not differ from those who were not traced and enrolled in terms of birth weight, childhood growth measures, and maternal characteristics (e.g., age at pregnancy, prepregnancy body mass index, weight gain during pregnancy), but they were significantly more likely to be white and of higher childhood socioeconomic status (for more information, refer to references [15] [16] [17] . All participants were born between 1959 and 1963 and were, on average, aged 41.8 years (standard deviation (SD), 1.8; range, 38-46) at the time of the adult follow-up survey.
Variables
Birth weight. Birth weight in grams was recorded at the time of delivery for each participant (''recorded birth weight''). Participants were requested to provide their birth weight on the adult follow-up survey by choosing one of the following response options: don't know, less than 5.5 pounds, 5.5-6.9 pounds, 7-8.4 pounds, 8.5-9.9 pounds, and 10 pounds or more (''self-reported birth weight'') (1 pound ¼ 0.454 kg). Because of the small number of participants weighing 10 pounds or more at birth, the 2 highest birth weight categories were combined. Birth weight categories were converted into grams for comparison with recorded birth weight. Those with missing self-reported birth weight or a ''don't know'' response were categorized as nonreporters.
Socioeconomic status. Childhood socioeconomic status was measured by maternal education (in number of years) and family income (in dollar amount and adjusted for family size), both assessed around the time of birth. Adult socioeconomic status measures included participants' highest completed educational degree and current family income (in 12 ordinal categories ranging from <$5,000 to >$129,999).
Ethnicity. Participants reported their ethnicity in the follow-up survey and were categorized into 3 mutually exclusive groups of Hispanics, non-Hispanic African Americans (African Americans), and non-Hispanic whites (whites).
Body mass index. Participants' weight and height at age 7 years were obtained on the metric system by trained clinical researchers. In the adult follow-up survey, participants reported their height and current weight; these data were converted from the imperial to the metric system (1 pound ¼ 0.454 kg; 1 inch ¼ 0.0254 m) and used to calculate body mass index (weight (kg)/height (m) 2 ).
Statistical analysis
We first compared the participants who reported their birth weights (''reporters'') with those who did not provide a birth weight report (''nonreporters'') on sociodemographic factors using the chi-square test. We calculated the sensitivity or the proportion of participants whose self-reported and recorded birth weights placed them in the same birth weight category and the weighted kappa statistic to measure the chance-corrected agreement between self-reported and recorded birth weight. We examined the influence of sociodemographic variables on the validity of self-reported birth weight by comparing the sensitivity and weighted kappa for each stratum of the sociodemographic variables. Finally, we conducted linear regression analyses to compare the estimates of the associations of each measure of birth weight with childhood and adult body mass index, first in univariate models and then in models adjusting for sociodemographic variables. The percent difference between the estimates of associations of body mass index with the 2 methods of birth weight measurement was calculated to assess the direction and extent of bias.
RESULTS
Of the 262 participants, 15% (n ¼ 39) did not report their birth weight. Nonreporters and reporters did not differ on average recorded birth weight (3,130.1 g vs. 3,139.2 g, respectively), but nonreporters were less likely than reporters to have a college or higher educational degree (31% vs. 46%) and to be white (15% vs. 29%); these and other differences between the 2 groups did not reach statistical significance. Table 1 provides an assessment of the agreement between recorded and self-reported birth weight categories among the 223 women who reported a birth weight category. The overall sensitivity and weighted kappa were moderate to good with approximately 73% of participants correctly reporting their birth weight category (weighted kappa ¼ 0.67, 95% confidence interval: 0.60, 0.74). Sensitivity varied across birth weight categories, being lowest for the lowest birth weight group of less than 5.5 pounds (58%) and highest for the weight groups 5.5-6.9 pounds (80%) and 8.5 pounds or more (81%). Among the 60 participants who misclassified their birth weight category, 95% (n ¼ 57) were incorrect by 1 category, and 65% (n ¼ 39) reported a heavier birth weight category than the recorded category.
As seen in Table 2 , the greatest variations in the validity of self-reported birth weight were observed for maternal age at pregnancy, with accuracy improving with increasing maternal age (sensitivity of 65%, 72%, and 81% for maternal age at pregnancy of [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] , and 31-45 years, respectively; one-sided P trend ¼ 0.03), and for childhood family income, with accuracy diminishing with increasing income levels (sensitivity of 79%, 75%, and 67% for the lowest, middle, and highest income levels, respectively; one-sided P trend ¼ 0.05). White participants also provided a moderately more accurate birth weight category than did Hispanic and African-American participants (sensitivity of 79% for whites vs. 70% and 71% for African-American and Hispanic groups, respectively). The average maternal age at pregnancy was similar across racial groups (mean ¼ 26.4 years (SD, 6.2) for African Americans, 25.6 years (SD, 5.7) for Hispanics, and 26.9 years (SD, 6.5) for whites; P ¼ 0.42) but differed by childhood family income levels (mean ¼ 28.6 years (SD, 6.2) for the lowest, 25.6 years (SD, 6.4) for the middle, and 24.9 years (SD, 5.0) for the highest income level; P ¼ 0.001). Furthermore, the average recorded birth weight did not differ by maternal age (mean ¼ 3,148.2 g for ages 16-20 years, 3,153.0 g for ages 21-30 years, and 3,099.5 g for ages 31-45 years; P ¼ 0.80) or childhood family income (mean ¼ 3,069.0 g, 3,156.4 g, and 3,178.8 g for the lowest, middle, and high income levels, respectively; P ¼ 0.41), but it was significantly lower among African-American participants (2,980.0 g (SD, 493.3)) than among Hispanic (3,183.5 g (SD, 494.1)) and white (3,271.9 g (SD, 467.0)) participants (P ¼ 0.001). There were a slight pattern toward decreasing accuracy by increasing maternal education and an improvement in accuracy with higher personal educational attainment, but the sample size for certain categories (e.g., maternal education, greater than high school) was small, and these differences were not statistically significant (P ¼ 0.21 and 0.17, respectively).
Childhood and adult body mass indexes were positively associated in a graded fashion with birth weight category by using either measure of birth weight, but the associations were statistically significant only for recorded birth weight and childhood body mass index (Tables 3 and 4 ; Figures 1  and 2 ). The estimates of the associations were smaller for self-reported birth weight compared with recorded birth weight, with the exception of estimates adjusted for adult family income, for which the estimates of associations relying on self-reported birth weight were slightly larger for birth weight categories of 5.5-6.9 pounds and 8.5 pounds or more relative to less than 5.5 pounds as compared with estimates using recorded birth weight. The degree of attenuation or percent of bias in the estimate of associations varied from 43% to 85% for childhood body mass index and from 9% to 56% for adult body mass index, and it was generally smaller for the highest birth weight category. Reporting error in birth weight attenuated the associations with childhood body mass index more than with adult body mass index, with an average percent bias of 60% for multivariate associations of birth weight with childhood body mass index as compared with 38% for adult body mass index. 
DISCUSSION
In this study, the majority of women in their middle adult years were able to recall their birth weight category with moderate to good accuracy. Our results are comparable to the reporting rate and accuracy reported by Troy et al. (13) using data from the US Nurses' Health Study II cohort (13) and the accuracy found in a case-control study of breast cancer (14) , but they are higher than those reported in several other validation studies of adult self-reported birth weight, with reporting rates ranging from 24% to 53% and validity statistics falling in poor to moderate levels (9-11). One reason for the higher reporting and accuracy in our study as compared with other studies may be related to the question format and the level of details of self-reported birth weight. Rather than asking participants to report their birth weight in an open-ended format, participants in this study, as in the Nurses' Health Study II cohort, were asked to choose 1 of 5 birth weight categories. This question format required participants to only approximate their birth weight. Additionally, birth weight categories of approximately 24 ounces (~680 g) in our study and the Nurses' Health Study II were larger than the definitions of accuracy used in studies with continuous self-reported birth weight data, which ranged from approximately less than 1 ounce to less than 18 ounces. No consensus on the definition of an accurate birth weight report exists, but less stringent definitions have been shown to increase the accuracy of selfreported birth weight. For example, among middle-aged and elderly women from the United Kingdom who reported a birth weight, sensitivity increased from 48% to 89% when the definition of an accurate report was expanded from 64 ounces to 616 ounces of the original birth weight record (11) . Finally, as compared with several other validation studies, participants in our study and the Nurses' Health Study II by Troy et al. were relatively younger (27-46 years vs. 43-78 years) and of later birth cohorts (1946-1964 vs. 1908-1957) (10, 11, 13) . Both younger age at recall and later birth cohort have been shown to improve the validity of adult self-reported birth weight (10, 11). Maternal age at the time of pregnancy and childhood family income were the most important sociodemographic factors related to reporting accuracy, with improvement in reporting accuracy among participants whose mothers were older at pregnancy and had lower family income at birth. These 2 early life factors were also related, with older mothers being of lower socioeconomic status. This finding suggests that birth weight information is likely to be communicated to offspring by their mothers, and factors that influence the validity of maternal reporting of their offspring's birth weight (e.g., pregnancy-related characteristics, maternal socioeconomic status) (18) may indirectly affect the offspring's self-report of their birth weight. Further support for this conclusion is provided by studies that have found birth weight reports by mothers and daughters to be highly correlated (14) , and daughters with living mothers to be more likely than those with deceased mothers to recall and report their birth weight (11) .
We observed relatively small differential misreporting of birth weight by adult socioeconomic status, as measured by the participant's own education and family income close to the time of adult birth weight self-reports. Two other studies also failed to find a significant impact of adult socioeconomic status, measured by participants' own and/or spouse's occupational class, on the accuracy of adult self-reported birth weight (10, 11) . Our findings of relatively less accurate reporting among African-American and Hispanic women as compared with white women are also in agreement with the only other validation study using a multiethnic cohort (13) . Finally, the lowest reporting accuracy was found among low birth weight participants with recorded birth weight of less than 5.5 pounds (<2,500 g), a finding that is consistent with some reports of less accurate maternal report of birth weight for their low birth weight infants, as compared with normal weight infants (19, 20) .
We illustrated the impact of the reporting error in selfreported birth weight by comparing the estimates of associations of recorded and self-reported birth weight with childhood and adult body mass index. Despite the moderate to good level of agreement, the results demonstrated similar patterns of increasing body mass index with higher categories of birth weight, but considerably weaker associations with selfreported birth weight than recorded birth weight. In the case of childhood body mass index, recorded birth weight was significantly associated with childhood body mass index, but the same association was no longer statistically significant when relying on self-reported birth weight. The main implication for investigating the associations between early life factors and health outcomes in later life periods is that even a relatively small amount of reporting error can lead to null associations when these associations do exist. This is particularly of concern in life-course studies examining the associations of early life factors with health in middle to late adulthood, the majority of which are of weak to modest magnitude. For example, the relative risk of breast cancer for high versus low birth weight groups from a meta-analysis of 16 studies with both pre-and postmenopausal women was only 1.23 (95% confidence interval: 1.13, 1.34) with the magnitude of associations generally larger in studies using birth records than in studies using self-or parental reported birth weight (21) . Given the extent of reporting error in self-reported birth weight found in our study, it is reasonable to expect that other harder-to-recall early life factors (e.g., certain maternal or pregnancy-related conditions, postnatal growth measures) would be reported with even greater error.
Strengths and limitations
In previous studies, the representativeness of the validation samples as compared with the initial or birth weight self-report sample was diminished because of the unavailability of original birth weight records and/or low response rate of self-reported birth weight (10) . We had original birth weight records for all participants in the adult follow-up study, who did not differ from the nonparticipants from the initial cohort on birth weight or any other early childhood anthropometric measures (15) . Additionally, the high response rate and lack of significant differences in birth weight between reporters and nonreporters of birth weight data in our study lower the probability that nonresponse might have led to bias in analyses involving self-reported birth weight. Nonetheless, we cannot rule out the possibility that differences in other characteristics between nonparticipants and participants in our adult follow-up study have influenced our results. For example, because both participation and reporting accuracy were associated with white race/ethnicity, it is possible that our results underestimate the extent of reporting error in self-reported birth weight data. The ethnic diversity and availability of data on multiple childhood and adult socioeconomic characteristics allowed for the investigation of accuracy of self-reported birth weight by these factors. In addition, we consider the influence of reporting error on the estimates of association for a health outcome measured at 2 life periods.
Comparison of our results with those from other validation studies suggests that reducing the level of detail required in self-reports of birth weight through categorization may improve both reporting rate and reporting validity. However, this may be viewed as a limitation and should be balanced against the disadvantages of birth weight categorization, such as reducing the statistical power for detection of associations and obscuring any differences within categories of birth weight.
Conclusion
Birth weight in middle adult life is reported with error, even when categories of birth weight are reported. The reporting error in birth weight showed variation by common sociodemographic factors, as well as by the birth weight itself. Inaccuracy in birth weight reporting more often occurred in the direction of exaggeration of the birth weight and weakened the positive associations between birth weight and childhood and adult body mass index. Adult self-reported birth weight should be used with caution in life-course studies.
